Abstract. For the commonest model of rearrangeable networks with n inputs and n outputs, it is shown that such a network must contain at least 6n log6 n + O(n) switches. Similar lower bounds for other models are also presented.
A NEW LOWER BOUND FOR THE NUMBER OF SWITCHES IN REARRANGEABLE NETWORKS* NICHOLAS PIPPENGER?
Abstract. For the commonest model of rearrangeable networks with n inputs and n outputs, it is shown that such a network must contain at least 6n log6 n + O(n) switches. Similar lower bounds for other models are also presented.
1. Introduction. The lower bound referred to in the title will be established by modeling a rearrangeable network as a directed graph in which vertices represent wires and edges represent switches. A number of alternative models will be considered later.
A n-network N (G, A, B) comprises a directed graph G (V, E), with vertices V and edges E, a set A of n distinguished vertices called inputs, and a set/3, disjoint from A, of n distinguished vertices called outputs.
A request for N is an ordered pair (a, b) comprising an input a and an output b. An assignment for N is a set of requests for N, no two having an input or output in common. A k-assignment for N is an assignment containing exactly k requests.
A route in N is a directed path in G, starting at an input and ending at an output. A state of N is a set of routes in N, no two having a vertex in common. The set of states of N will be denoted f. A k-state of N is a state of N containing exactly k routes. The set of k-states of N will be denoted An assignment is said to be realized by a state if, for every request (a, b) in the assignment, there is a route from a to b in the state. An n-network N is an n-connector if each of the n! n-assignments for N is realized by some state of N.
An n-connector must satisfy the lower bound (1) [7, p. 
137]).
The purpose of this note is to derive the improved lower bound (2) [El _-> 6n log6 n + O(n) (6/ln 6 3.348 .); this will follow from the improved inequality (3) [El => 6 log6 for an arbitrary (0, 1)-matrix M was conjectured by Minc [3] and proved by Bregman [2] (see Schrijver [6] for a particularly simple and elegant proof). Since the expression
This proves (6) , and thus establishes (5) , (3) and (2) Other, even easier, extensions are to consider "single-ended" or "undifferentiated" n-connectors in which the n inputs and n outputs are replaced by a single undifferentiated set of n distinguished vertices called "terminals" (this reduces the leading terms of lower bounds by a factor of 2) and to bound log Ifl rather than merely log IInl (this affects only the O(n) terms). These extensions yield improvements of the results in Pippenger [4] . James Shearer, the referee for this paper, has pointed out some improvements to the foregoing results. In the directed case, a vertex w in V (A U B) into which only two edges (u, w) and (v, w) are directed and out of which only two edges (w, x) and (w, y) are directed can be omitted, the edges being replaced by (u, x), (v, x), (u, y) and (v, y).
Repeating this transformation as long as possible yields a graph with just as many edges and n-states but in which a total of at least five edges are directed into or out of each vertex in V-(A U B). This allows (4) to be sharpened to and results in a lower bound of ILl--> n log6 n + O(n (45/7 In 6= 3.587...). Similarly, in the undirected case, a vertex w in V-(A tAB) incident with only three edges {w, x}, {w, y} and {w, z} can be omitted, the edges being replaced by {x, y}, {y, z} and {z, x}. This yields a graph in which every vertex in V-(A U B) is incident with at least four edges, allows (7) to be sharpened to 
